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PREFACE

The Timbercreek monitoring program was originally established in
mid-1980 strictly as a water quantity (hydrology and hydraulics)
program. Data collection began in January 1981 and until July
1982 the water quantity aspects were the sole considerations.

Automatic samplers for the purpose of including water quality
considerations in the program were installed in July 1982. The
primary thrust of this part of the program was storm event water
quality monitoring. The first storm event samples were collected
in Qctober 1982,

For the purpose of this report the water quantity and quality
monitoring programs remain separate entities, although they are
inter-related. Volume I of the report discusses the hydrology and
hydraulics of the program, and Volume II deals primarily with the
water quality aspects.



ABSTRACT

The South Florida Water Management District (SFWMD). has conducted a monitoring
program at a south Florida residential development known as Timbercreek.

The purpose of the program was to document the functioning of a typical south
Florida residential drainage system. Approximately 2-1/2 years of
meteorologic and hydrologic data were collected, including 39 storm events
with rainfall in excess of 1 inch. With minor exceptions, the data indicate
that the present District design criteria for surface water management
(drainage) systems is hydrologically acceptable. Further discussion of the
data may be included in a report on the current residential monitoring program
for a development known as Springhill.

Specific results discussed in the report are:

1. The current method of computing ground storage used by the District is
acceptable, although it may be conservative in some instances.

2. The SCS methodology for runoff computation produces acceptable results
for design storm events, and modifications to the methodology may be
needed to effectively simulate short duration events.

3. Structure performance was generally as anticipated; however, tailwater
control, particularly of the bleeder slot, can be significant. When
tailwater control occurs, non-conservative results occur since the system
is unable to return to the control elevation as soon as it should.

4. Lake performance was also generally as anticipated. One unanticipated
item, however, was the high level of seepage into the surface water
system resulting from the elevated groundwater Tevels after a storm
event. As with item 3, this is a non-conservative impact since it takes
the system considerably longer to return to the control elevation than it
should. As a result, the full design storage volume may not be available
for subsequent storm events.
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5. The swale-detention lake system provides significant water quality
improvement for the runoff into the system. This aspect is discussed in
Volume II of the report.
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Introduction

The South Florida Water Management District has been involved with the
evaluation and permitting of surface water management systems since 1974.
These evaluations utilize standard hydrologic and hydraulic
considerations derived from engineering literature; however, no data are
available to assess the performance of these systems in the "real world"
in comparison to their theoretical performance. The Timbercreek
monitoring program was established by the District in order to obtain
this type of data and, if applicable, to provide a basis for considering
changes to the District's evaluation criteria.

Specific items addressed in the report are:

1. Methodology used to compute ground storage.
Methodology used to compute runoff volumes.
Structure performance in comparison with theoretical values,
under existing tailwater conditions.
4. Detention lake performance, considering seepage into the system.
5. MWater quality improvement resulting from the use of a swale-
detention lake system. This is discussed in Volume II of the
report.

For the above items, some results appear to meet or exceed District
criteria (conservative), while others appear not to meet the criteria
(non-conservative). For some projects, the two will probably balance
out; however, for most projects it is 1ikely that the non-conservative
items will be more significant.



II.

Project Description and Background

Timbercreek is a single family residential development located in Boca
Raton, Florida, southern Palm Beach County (see Figure 1). The
development consists of 122 acres with 7.9 acres of detention lakes. It
contains 311 residences for a gross density of 2.5 units per acre, and
the drainage system consists of grassed swales, catch basins, storm
sewers, and an interconnected system of detention lakes (see Figure 2).
It is bounded on the east by E-3 and on the north by L-44, both of which
are Lake Worth Drainage District (LWDD) canals. Both of these canals are
maintained at an elevation of approximately 10.0' NGVD. Stormwater
runoff is discharged from the development by way of a single flashboard
riser structure 4.85' in Tength with a crest elevation of 11.43' NGVD
discharging to E-3. The bleeder mechanism is a 1.1' x 0.3' rectangular
slot at elevation 10.24' NGVD. The structure is attached to a 36" x 60
CMP culvert.

Instrumentation installed at Timbercreek consisted of the following:
3 groundwater stage recorders
2 surface water stage recorders (detention lake and E-3)
1 rain~-gage
1 evaporation pan
See Figure 2 for instrumentation location.

The stage recorder in the detention lake was used to calculate discharge
through the structure, and the one in E-3 was used to modify the
discharge calculations for periods when tailwater control was a factor.

Data collection on the project began in mid-1980. Due to several
factors, however, some of the early data is suspect. Therefore, the data
covered in this report is for the period of time from mid-January 1981
through November 1983. The questionable early data did not seriously
impact the program, since installation of the instrumentation
approximately coincided with the start of the recent drought.
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ITI. Methodology

To analyze the Timbercreek data, the staff developed a computer program
to generate lake inflow and outflow values, using rainfall, lake stage,
and E-3 stage as input. Groundwater stages from the 3 wells are included
in the program output. Figure 3 is an example of the program output.

The following is an explanation of the various columns and how the
figures were derived.

Time - Eastern Standard Time using the 24-hour clock.

RF(in.) - Rainfall in inches. Prior to May 20, 1982, data is from a
weighing bucket rain-gage with a recording chart., Subsequent
to that date it is from a tipping bucket rain-gage with the
data digitized to paper tape.

Stage, HW- Lake elevations at 30 minute intervals. A1l stage recorders,
both groundwater and surface water, are the float-
counterweight type with the data digitized to paper tape.

Stage, TW- E-3 elevations at 30 minute intervals.

Inflow cfs

and a-f - Calculated average surface runoff inflow for each 30 minute
time period. These values do not include direct rainfall on
the lake system. Inflow values are calculated as outflow plus
change in storage (+ or -) minus direct rainfall on the lakes.
Although these surface inflow values do include net seepage,
the seepage values are insignificant when runoff is occurring.

Outfliow

cfs - Instantaneous flow through the structure at the end of each
30 minute interval. This value is calculated from standard
equations in the engineering literature using the recorded
headwater and tailwater elevations. A listing of the
equations is included in Appendix A.

Qutflow

a-f - Average outflow in acre-feet for each 30 minute time period.

Accumulated

RF(in} &

RF{a-f) - Cumulative rainfall in inches and cumulative rainfall on the
lake only in acre-feet, for each 30 minute time pericd.

Accumulated
In (a-f) - Total cumulative inflow to the system in acre-feet, including
seepage and direct rainfall on the lakes, for each 30 minute
time period.
A} _5_



Accumulated

Out !a-f!-

Well Stages

East West,
Park and

Average -

Seepage -

L

Total cumulative outflow from the system in acre-feet for each
30 minute period.

Instantaneous stage readings for the 3 wells and the arith-
metic average of the 3, at hourly intervals.

Net inflow to the system during periods of no surface inflow
is accumulated as seepage. The program begins calculating
surface runoff when rainfall exceeds 0.1* in 30 minutes and
runoff is arbitrarily terminated after two consecutive 30
minute periods with less than 0.1" of rainfall. These
assumptions agree relatively well with the observed data.
Positive seepage values are net seepage into the system,
negative values are net seepage out.



Fiqure 3. Example Data Printout - Notes

Inflow (CFS and A-F) is surface runoff inflow and/or structure backflow
only. Direct rainfall on Takes and seepage are not included.

Accumulated inflow (in A-F) consists of all inflows, including direct
rainfall on lakes and seepage.

Accumulated rainfall (RF A-F) is rainfall on lakes only.

Inflow (CFS and A-F) and outflow (A-F) values are averages for each time
period. Outflow (CFS) values are instantaneous values for the specified
times.

A dischard code of "*" indicates tailwater stage not available. Free
discharge is assumed with no cuivert control.

Outflow codes (C):

a. Orifice, free-flow

b. Orifice, submerged

€. MWeir, free-flow and orifice, submerged
d. Weir, submerged and orifice, submerged
e. Weir, free-flow and orifice, free-flow
f. Culvert control

g. Reverse flow thru structure

h. No discharge

Figure 3A



TIMBERCREEX IN BOCA RATOM, FL. JUNE 18,1982
STAGE INFLOW UTFLOW ACCUMULATED WELL STAGES
TIME RF(IN.) HW W CFS A-F CFS (01 AF  RF(IN.) RF(AF) IN(AF) OQUT(AF) EAST WEST PARK  #G.
9000 --— 10.76 8.9t L O 1.0 LA L0 00 000 000 H00 10,67 10.92 11.04 10.88
0030 —— 10.77 8.89 A0 000 1.0 [A] 40 00 000 +123 040
0100 -—- 10.76 8.B4 O 000 1.0 €42 040 00 . 000 080 H90 10.65 10.90 11.02 10.84
0130 ---- 10.75 8.83 O L0000 1,0 [A] L4000 000 037 .120
0200 —- 10.75 8.80 O 00 1.0{A 03 W00 « 000 077 39 10,42 10,88 11.01 10.84
0230 -—— 10.75 8.77 0 L00 1.0 CA] 037 0 000 .116 199
03¢ -—- 10,75 8.75 £ W00 1.0 [AT 039 W00 000 . 159 L3 1008 10.86 11.00 10.81
0330 ---- 10.73 8.72 A 000 1.0CAT 037 00 000 195 .278
0400 -— 10.74 8.70 £ 000 S A 039 .00 000 131 G170 16,55 10,84 10.%6 10.78
0430 ---- 10,74 B8.48 Q0 000 G 037 .00 000 190 .
0500 -— 10.77 8.85 L0 000 J[A] 039 00 000 146 49 10,52 10.82 10.95 10,7
033¢ --— 10.72 8.8 00 0 .7 A2 038 00 000 J01 A32
0500 -— 10,73 8.460 d 0 000 G 08 W00 000 222 A70 10,49 10,80 10.93 10.74
0430 —- 10.71 8,37 4 .00 5 B .- B ] 000 093 08
0200 .01 10,71 8.5 N I S L0370 01 007 132 45 10,45 14,78 10,90 10.71
e73¢ .01 10,71 8.53 O 000 9 IR 037 02 014 169 382
0800 .01 10,7t 8.51 Q0 .00 S Al 0T .03 021 206 H19 10,42 10,79 10.87 10.48
0830 -—- 10.70 8.4% A0 0 IS €.} R .V AR ¥ 021 160 H56
0900 .06 10.72 B.48 Q0 L000 S (A 037 .09 062 353 H73 10,40 10,74 10.86 10.47
0930 .01 10.70 8,44 Q0000 IR I Y A 1 069 233 J30
1000 —- 10.70 8.44 L0 000 SR 03 W10 069 271 J47 10,39 10,72 10.84 10.465
1030 .02 10.70 8.43 O 000 .7 [&] 037 12 083 308 804
1100 .10 10,71 8.47 1.2 051 SEA) A% 22 <151 427 B40  10.37 10,72 10.83 10.44
13 .03 10,71 8.53 4 L0177 28 12 BN 1 X ¥ A72 464 878
1200 .05 10.71 8.40 0 000 b2 -1 I X 7 S 14 206 01 J15 0 10,37 10.73 10.83 10.44
123 .13 10.72 B.48 J 0 J A A7 .43 296 .74 7492
1300 .16 10,74 8.75 23 .09 J0A 038 9 404 825 S 10,42 10.76 10.86 10.49
130 .08 10.76 9.82 3.4 IS0 1.0CA 039 .47 Abl 1.030  1.030
1400 .14 10.79 8.90 6 09 1.0CR1 040 8 o508 .36 10720 10,53 10.83 10.99 10.77
1430 .12 10.80 8.98 3.0 A4 1.0(A1 042 .93 ol 1.4 1.112 :
1900 51 10.89 %13 10,6 439 LI LA 044 1.44 ,796 2,237 1,156 10.4% 10.93 11.03 10.87
1580 .90 11,26 9.40 41,4 2,536 1.5([A7 .054 2.34 1,635 J.412 1210
1600 09 1LT 955 18.4 768 1.6 LA .083 2.43 1.700 6,245 1,273 .01 11.24 11.26 11.17
1630 .50 11.46 9.69 158 855 1.7 (E] .068 2.93 2.03% .25 1.4 ,
700 .02 1151 %77 (2.0 4% 2.0(E1 078 2.95 .04 7,769 1418 1134 1L% 11.54 1149
1736 —- 11,52 9.7 Q0 L0000 2.1 (E1  .085 2,95 2,00 7.042 ° L00G e e emmee e
1800 .03 1153 .79 0 000 2.2I[E] 089 2,98 2.09% 8.118 1.5 11.45 1172 11.73 11.83
1830 -——- 11,32 9.78 O 000 2.1[El 087 2.98 2.0% 8.121  1.483
1900 407 1.3 9.78 L0 000 2.2[E] .08 3.05 2.144 8.5%7 177 11.49 11.82 11.88 1.7
1939 - 1.5 .77 g0 000 201 088 3.05 2.145 g.211  1.841
2000 .37 1L.T .79 4.1 A7 24081 091 3.42 2.413 8.647 1.992 11,54 11,90 11.97 11.80
2030 .80 11.81 9.98 44.8 1.851 5.4 [F] J65  4.22 3.000 11,087 2.117
2100 .14 11.89 (0,13 20.8  .881 4.9 [E] JoB 4,34 3104 12,05t 2,376 11,83 12,20 12.19 12.07
213 .20 11.% 10,30 18,9 .782 8.1 [C] 309 454 3.2 12,981  2.48%
220 .01 11,94 10.37 3.4 142 T ECl 3 457 L2 13131 3.012 12,03 12.29 12.38 12.33
23— 11,92 10,40 0 000 7.4 [C] Sl 45 32 13.266 335
X0 -—- 11.87 10.42 O 000 L9ECI .95 4,57 3207 1395 3419 12,10 12.31 12,50 12.%
2330 -~ 11.86 10.43 00 000 4401 274 AW L2 13.303 3.893
ESTIMATED AVERAGE SEEPAGE DLRING NON-INFLOW AMD NINOR
BACKFLOW PERIODS IS .051 ACRE-FEET/HOUR
Figure 3B



Iv.

Data and Analyses

General Discussion

In evaluating the hydrologic-hydraulic aspects of Timbercreek there are a

few things that should be kept in mind.

1.

Rainfall, particularly in south Florida, can be very non~-uniform,

In the analyses it is assumed that the rainfall recorded at the rain
gage is uniformly distributed across the project. In actuality,
this may not be the case; however, due to the small size of the
project, it is felt that the point rainfall data is sufficiently
accurate.

" Direct measurement of surface runoff going to the lake system was

not possible. Runoff values were calculated, on 30 minute
intervals, as the outflow volume plus change in lake storage minus
direct rainfall volume on the lake system. While the overall storm
event runoff values should be relatively accurate, individual 30
minute values are less reliable, due primarily to slight timekeeping
differences among various recorders. This is particularly true for
the period prior to May 10, 1982 (when the tipping bucket rain gage
was installed).

Groundwater interactions with the system, difficult to interpret
under the best of conditions, are further complicated at Timbercreek
by the close proximity of two regulated canals. They are maintained
lower than the normal groundwater elevation, particularly, when
possible, during and after storm events. Therefore, with the
groundwater gradient almost always toward these canals for part of
Timbercreek, some infiltrated rainfall is continually being lost
from the system. Quantification of this Toss is not possible at
this time.

In the normal design process for drainage systems, a "design storm"
concept is used. This is a statistical derivation with a uniformly
Al -g-
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increasing and decreasing rainfall distribution. Unfortunately,
mother nature very rarely, if ever, adheres to this "design storm®
concept. Rainfall amounts during given time increments can be
extremely erratic for real-world storm events. This should be kept
in mind when reading this report, even if it is not specifically
pointed out each time when it is applicable.

Storm Events

From mid-January 1981 through November 1983 there were 39 rainfall events
with 1" or more of total rainfall. Table 1 details the pertinent
information of these events. In the table, "no discharge” means that the
bleeder slot elevation was not reached, and "weir flow" means the weir
elevation was exceeded. Data printouts for these events, including
several days after each event, are contained in Appendix A.

The 10-year and 25-year return frequency storm events for the Boca Raton
area are l-day total rainfalls of approximately 11" and 14" respectively.
Although a considerable number of significant storm events have occurred
at Timbercreek since the instrumentation was installed, it can be seen
from Table 1 that neither of these design events have ever been
approached during the recording period. In fact, the maximum 24-hour
rainfall recorded (7.22", May 3-4, 1982) is only slightly in excess of
the statistical 5-year return frequency event for the area. This being
the case, realization of some of the objectives of the project is not
possible with the present data (such as design storm comparisons). The
ideal performance test for the project would, of course, be the
occurrence of either a 10-year or a 25-year rainfall volume. However,
considering that there is 81% and 92% probability of these events,
respectively, not occurring in a 2 year study period, their non-
occurrence is not surprising; however, sufficient data is available to
draw some important conclusions. Future tabulations of the rainfall
events in this report will use the letter designations in parentheses in
column 1 of Table 1.

-10-



TABLE 1

STORM EVENT DATA

Rainfall Duration
Date Start Time (in.) (hrs.} Comments

June 9,1981(A) 1400 2.44 2
July 24,1981(B) 0000 1.35 2 No discharge
Aug. 2,1981(C) 1100 2.35 2%
Aug. 16,1981(D) 1730 6.80 48 Tropical Storm Dennis/

Weir flow
Sep. 20,1981(F) 0930 3.65 3 Weir flow
Oct. 10,1981(F) 1730 3.00 3%
Feb. 1,1982(G) 0700 2.02 2
Mar. 11,1982(H) 0230 2.26 6
Mar. 24,1982(I) 1700 3.37 2% Weir flow
Mar. 28,1982(3d) 1930 3.46 10
Apr. 24,1982(K) 1000 2.45 4
May  3,1982(L) 1700 7.22 19 Weir flow/structure

backflow
June 1,1982(M)} 1400 1.86 4
June 17,1982(N) 1000 2.06 6
June 18,1982(0} 1030 4,57 16 Weir flow
July 24,1982(P) 1530 1.15 2 No discharge
Sep. 22,1982(Q) 1200 1.55 5 No discharge
Oct. 4,1982(R) 1500 2.56 2
Nov. 1,1982(S) 0400 2.10 9
Nov. 16,1982(T) 0930 4.02 8
Nov. 17,1982(U) 0800 1.03 1 Weir flow
Jan. 10,1983(V) 1530 1.35 2 No discharge
Jan. 20,1983(W) 0630 2.97 11
Jan. 22,1983(X) 2100 2.80 19
Feb. 12,1983(Y) 1700 4.79 11
Feb. 16,1983(7) 1330 1,39 4
Feb. 27,1983(AA) 1330 1.82 8
Mar. 29,1983(BB) 1000 1.66 1%
Mar. 31,1983{(CC) 0630 1.20 1%
Apr. 10,1983(DD) 0730 1.66 5%
May 25,1983(EE) 1930 1.59 13 No discharge
May 29,1983(FF) 1700 1.33 3 No discharge
June 8,1983(GG) 0300 2.18 16
June 8,1983(HH) 1000 1.77 5
dune 24,1983(II1) 1330 1.06 3 No discharge
Aug. 24,1983(JJ) 2100 1.21 1%
Aug. 29,1983(KK) 1500 1.62 3
Oct. 11,1983(LL) . 0630 1.54 2% No discharge
Oct. 22,1983(MM) 1700 5.57 20

-11-



C.

Rainfall/Runoff/Ground-Storage

In the design of drainage systems, the runoff generation methodology
generally utilized is the one developed by the U. S. Dept. of
Agriculture, Soil Conservation Service (SCS). The primary equation used
is:

= (P-Ia)?2
Q -Ia}+S
where Q = cumulative runoff, inches
P = cumulative precipitation, inches
Ia = initial abstraction, inches
S = available soil storage, inches

The SCS has defined Ta, based on field data, to be 0.2S for routine
applications of the methodology. This further simplifies the primary
equation to

qQ = (P-0.25)2
(P+0.8S)

with the same variable designations as above.

In the above equations, Ia represents the volume of rainfall which must
occur before runoff begins. This consists of infiltration and water
trapped in vegetation and other areas. Soil storage, S, is a measure of
the availability of water storage between the water table and the 1and
surface. For example, an S value of 5" would mean that the soil could
accommodate 5" of water, after which the storage volume would be depleted
and any subsequent rainfall would be direct runoff. It should be noted
that this is not the conventional SCS definition of the S value, but is
the definition used by the SFWMD in its regulatory program.

In normal applications, the SFWMD regulatory staff recommends that a

depth to water table (DWT) in excess of 4' not be used to calculate S

values for use in the equations. That is, a project with a DWT of &'

would get the same soil storage credit as one with a DWT of 4'. In

examining the Timbercreek data, it became apparent that this was not a
-12-



valid assumption in this area; therefore, the writer expanded the soil
storage curves to 6' as a maximum DWT {see figure 4). In addition,
preliminary results indicate that the uncompacted curve more closely
represents ground conditions at Timbercreek dﬁe to the length of time
since construction activity ceased and to the distance to the water table
(normally 5.5-6.0'). Both of these conditions were used in the
Timbercreek data analyses.

Table 2 is a 1isting of rainfall, DWT, and S values for the 39
significant rainfall events at Timbercreek. The DWT values are the
average of the 3 wells before the beginning of the event, assuming an
average ground elevation of 16.0' NGVD. The S values are derived from
figure 4 and adjusted by the impervious area/total area ratio for the
development. This was done because the District regulatory staff does
not consider significant water storage beneath impervious areas to be
useful in predicting storm runoff volumes from severe short duration
events such as the "design" storm. It has been the District staff
position that allowing significant soil storage credit under impervious
areas would lead to an underestimation of severe storm runoff amounts,
resulting in under-design of stormwater handling system.

=-13-



TABLE 2

CALCULATED S VALUES

Rainfall S
(in.)

DWT

Rainfall S
(in.) (ft.)

DWT

Event (ft.)

(in.)

Event

{in.)

et QA O NP 0O MW
ONOOLYCOhe-IOO W —O
------ L] . [ ] * L] . L]
HA MO NANSEMOAHNO
=t — e
WO WOWONMWSOTD
OO COCMODMNM

Z0o0a kD E >N

WONOWD=HLOWON MO
CONMN~-MOWHOOM YW

R L .
M At MO A O O e e
L R R K R B o e i N B W W |
< OWN O LW O NN WY I NNW
STOMHMOOOONMST NN
« 8 8 4+ e + e % e » .
=i OO MO O Od P
WO~ OOoOWN OO DO
WL M WD = O WO WO 0 wLwn
B N N N N )
3 AD WD LD O WO WO WD WY WD W)W WD

S OOOWLOGID—D N X

HIJKLm
el B -V |
SN~ 0000 0O
—AhOoOoOom
« 8 8 & s = =
OO MM ool
=t =i vl = v = =

-14-



18

16

14

12

0‘0/
V //
«©
10
S (INCHES)

Nl

v

(14) 1Mma

-15-



“Qp (PREDICTED RUNOFF, INCHES)

" * T T T T
0.5 1.0 1.5 20 25

Qm (MEASURED RUNOFF, INCHES)

Figure 5 PREDICTED VS. MEASURED RUNOFF
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Figure 5 is a plot of predicted runoff values using the SCS methodology
and P and S values for each rainfall event from table 2 vs. measured
runoff values. Points above the diagonal line_are over-predictions by
SCS, those below the 1ine are under-predictions.

Obviously, direct application of the SCS methodology to the observed data
yields questionable results, at best. There are several reasons for
this, including:

1. The majority of the runoff from minor events and the early runoff
from more significant events is from the hydraulically connected
impervious areas (HCIA). These are roadways, driveways, etc., from
which the runoff directly enters the drainage system with 1ittle, if
any, infiltration and abstraction losses. As normally used, the SCS
methodology does not address the HCIA.

2. The LWDD canals on two sides of the development are held
considerably lower than the groundwater elevations, particularly
after rainfall events. Therefore, some of the infiltrated rainfall
leaves the site as lateral groundwater flow without contributing to
surface runoff or to increased groundwater elevations.

3. Since the depth to groundwater is so great at Timbercreek, most of
the recorded events did not exceed the initial abstraction of 0.2S
in the SCS equation. For such cases, the calculated runoff would,
by definition, be zero.

4, The SCS methodology was not intended to be used for short, (less
than 24 hours) relatively moderate rainfall events. Most of the
recorded events at Timbercreek would fall into this category.

Ttem 2 above will not be addressed in this report since it would entail a
more detailed examination of groundwater-surface water interaction than
has been done thus far. However, the District staff has attempted to
account for the other items by the following methodology.

-17-
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Two different S values can be generated using the Timbercreek data. The
first is the S value calculated from the DWT data as was discussed
previously. However, this value does not take into account the fact that
the entire soil storage volume is not available for use by the shorter
duration storms. The rainfall intensity in such storms is such that some
runoff occurs, yet the rain stops before the full soil storage volume can
be utiiized.

Since precipitation and runoff are known for each storm event, the only
unknown in the SCS equation is the S value. This means that an effective
S value can be determined for each event which would produce the observed
runoff volume. This effective S value also somewhat takes into account
the HCIA, since HCIA runoff is included in the runoff volume which is
used to generate the S values.

Figure 6 is a plot of the effective S (Se) value/calculated S (Sc) value
ratio vs. storm duration. Although considerable scatter is evident in
the plots, a trend is clearly visible.

Figure 7 was generated using the estimated 1ine of best fit from Figure
6. The calculated S value for each event was adjusted by the Se/Sc ratio
for the length of that event. This adjusted S value and the measured
precipitation were then used to calculate runoff using the SCS equation.
Predicted runoff is on the vertical axis of Figure 7 and measured runoff
is on the horizontal axis. Points above the diagonal 1ine are over-
predicted storms, points below the line are under-predicted ones.

The staff has made similar comparisons for Ia values ranging from .05S to
.30S. The lower Ia values produced a better line fit for the shorter
duration events, but a worse fit for the'longer duration events. The
opposite was true for the higher Ia values. It is the staff's opinion
that, at least for the Timbercreek site, an Ia value of 0.2S is
acceptable when using the SCS runoff methodology and incorporating DWT
factors. However, theaimpervious area on this site is relatively low
(32%t including lakes). As project impervious percentage increases, use
of a lower Ia value is probably justified and will be investigated in a
future monitoring program.
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The previous discussion is applicable only for storm events less than 24
hours in duration. Using an Ia of 0.25 results in the S adjustment
reaching 1.0 at hour 24. (Note: Decreasing Ia would shorten this time
span, and increasing Ia would lengthen it.} Since design storm events
are at least 24 hours in length, the S value adjustment would be 1.0.
Further discussion of design storms is included in a separate section of
this report.

An exception to the above is the District requirement that stormwater
detention be provided for the first inch of runoff or the runoff from the
3-year, l-hour event, whichever is greater. The rational method is
normally used to generate the 3 year-1 hour runoff volume. The rational
method equation is:

Q = (CIA)/12

where Q - runoff in acre-feet
C - runoff coefficient (0.9 impervious, 0.2 pervious)
I - rainfall intensity (3-year, in/hr)
A - project area (acres)

Note: This is a modified use of the conventional rational equation,
which is normally written as Q = CIA, and is used to generate
peak runoff rates as opposed to runoff volumes. The actual
units are ac-in/hr, which is roughly equivalent to cfs

(1 cfs = 0.992 EE:iﬂ)
hr
The version of the equation cited above, Q = (CIA)/12,

is used by the SFWMD in its regulatory program to calculate
the volume of runoff in ac-ft.

Runoff computed by the rational method for Timbercreek for the 3-year, 1-
hour event would be as follows:

Impervious: .9(38.9 ac) (2.8 %%)(T%'%%) = 8.17 ac-ft
Pervious: .2(83.1 ac) (2.8 %E)(—%-%%) = 3,88 ac-ft
Total 12.05 ac-ft

-21-
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Converting 12.05 ac-ft to inches of runoff to be consistent with the
units of the SCS equation would be as follows:
12.05 ac-ft (12 in
( ft)

= 1.19" runoff
122 ac

Computing the runoff using the modified SCS methodology as discussed
previously would produce the following. Since this is for design
purposes, the compacted soil storage curve is used.

= 2.8"

0.22(14.5 in) (83%:1_3Cy = 5 17
122ac

[ B =]
|

= (2.8 - (.2x2.17)y2 = 1,23
‘ (2.8 + (.8x2.17)) 123

As can be seen by comparing the results of the two methodologies, the
answers are virtually the same, at least for the Timbercreek site.

Using a maximum allowable DWT of &' instead of 4' would allow some
changes to the design of drainage systems. Minor modifications to
discharge structures would be possible while still meeting design storm
discharge limitations, and 100 year-no discharge elevations for
establishing house pad elevations would be somewhat lower. For example,
for Timbercreek, the minimum house pad elevation requirement would drop
from 16.6' NGVYD to 16.3' NGVD. (The actual minimum pad elevation is
17.0' NGVD.) However, the existence of a wet season DWT greater than 4'
should be well documented by the design engineer before use of this
additional ground storage is allowed.

Seepage

Very early in the program, it became obvious that seepage into the lake
system was more significant than anticipated. As a result, lake stages
take much longer to return to the control elevation than hydraulic
calculations indicate they should. Figures 8 and 9 illustrate this
point. Figure 8 is after a relatively minor event and Figure 9 is after
a more significant one.
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As can be seen from these figures, significant seepage inflows to the
Take system occur. To prove the point further, surface runoff for these
two events was approximately .06" and 1.93" respectively. Theoretically,
when the lake stage recedes to the stage it was before runoff started,
the quantity of water discharged should be egual to the quantity of
runoff plus lake evaporation. For the two events the quantity discharged
was 0.33" and 3.97", respectively, instead of the 0.06" and 1.93" of
runoff, without lake evaporation.

It should be pointed out that the term "seepage" as used in this report
is somewhat of a misnomer. It is actually a combination of seepage into
the lake from groundwater, seepage out of the lake to E-3, and
evaporation. For short term analyses, evaporation is insignificant.
This is not the case for long term analyses, however. Generally, net
"seepage” is into the lake system. Negative "seepage" (out of the lake
system) primarily occurs when the lake stage rises rapidly or during
extended dry periods. During extended dry periods when lake and
groundwater elevations are approximately equal, the negatiﬁe "seepage"
values are mostly the result of evaporation.

Tajilwater Control and Reverse Flow

Since the maintained elevation in E-3 is 10.0' and the Timbercreek lake
system control is at 10.24', reduced orifice flow due to orifice
submergence and occasional culvert flow control were anticipated.

Culvert flow control results when the headwater-tailwater elevation
differential is small enough that the culvert will not pass the amount of
flow which the weir is capable of discharging. One or both of these
conditions existed during and after most storm events and they should be
considered when developing stage-discharge relationships for the design
evaluation of drainage systems. A review of the data in Appendix A will
show the degree of regularity with which these conditions occur.

A condition ﬁot anticipated was the occurrence of reverse flow through

the structure from E-3 into the lake system on a few occasions. With one

exception, reverse flow volumes were minor. For example, from February

10 to February 14, 1982 reverse flow of 0.1 cfs was recorded. A more
w25-
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significant flow reversal occurred on May 4, 1982. During an intense
rainfall the E-3 stage rose more rapidly than the lake and peaked at
12.74', approximately 1.3' above the Timbercreek weir elevation. Reverse
flow over the weir occurred for 2+ hours, with a peak flow rate of

10.7 cfs. This is not something which can be or should be designed for,
but it graphically shows that design assumptions and real-world
conditions can be radically different. A more detailed discussion of
this particular event is included in this report.

Design Storm vs, Actual Storm

Most drainage design work in south Florida is based on the SCS type II
rainfall distribution or some minor variation thereof, and the District
design requirement is usually for a 3-day duration event. The first
2-1/2 days of this design event contain uniform, relatively light
rainfall, with most of the rainfall occurring in a short time interval
midway through the third day. Obviously, real storm events are very
rarely, if ever, as neatly uniform as this. This being the case, the
staff has made preliminary investigations into the validity of the stages
generated by the SCS runoff methodology with a design storm distribution.
This preliminary work has consisted of generating a stage hydrograph for
a 10" rainfall using the SCS methodology, and generating another stage
hydrograph for the same event using Horton's infiltration equation. The
SCS interim type II distribution was used in both cases.

Although there were differences in hydrograph shapes, the time and
magnitude of the peaks were similar for both hydrographs. This is due
primarily to the fact that the major contribution to the peak stage is
the runoff from the extremely intense rainfall in a short period of time
in the design distribution. If a design distribution were to actually
occur, this would be the only time runoff would occur from the pervious
areas of the project (68%%). The light and moderate rainfall earlier in
the design event would go toward satisfying the initial abstraction,
producing no runoff, A]though the SCS methodology does not include a
time variable, the total depth of rainfall included in the intense period
is such that this is where most of the runoff from the storm would occur
-26-
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using the SCS methodology also. Therefore, although the computational
methods are different, the net results are very similar.

At present it appears that the current design criteria being utilized to
determine design stages and discharges is acceptable, as long as they are

used with design storm distributions.

Specific Storm Events

Figures 10 through 13 are graphical representations of the Timbercreek
data for 6 storm events (Figures 11 and 13 include 2 events each). The
following general comments are applicable to all 6 events.

1. The manipulation of the E-3/L-44 elevation has a significant impact
on groundwater stages. The three monitoring wells used in the
project were arbitrarily called "Fast", "West", and "Park". A
listing of the wells in increasing order of distance from E-3/L-44
would be East, West, Park. This increasing distance is clearly
refiected in all of the data plots by a decreased influence on the
well elevations.

2. Lag time between peak lake elevation and peak groundwater elevations
is usually around 6 hours. A considerable variation exists,
however, ranging from less than 2 hours to over 12 hours. The
Tikely reasons for the variations are the degree of E-3/L-44
manipulation and differing rainfall intensities.

3.  Generally, groundwater elevations are significantly higher than the
lake elevation. The main exception to this is early in an intense
event when the lake stage may rise faster than groundwater levels.
This condition does not occur for any significant periods of time.
The groundwater-surface water differential creates the seepage
inflows to the lake system discussed previously.

4. Other than time periods when it creates culvert control of the
discharge or discharge structure submergence conditions, the E-3
h -27-
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elevations appear to have little impact on the lake elevation. If
significant impacts exist, they are masked by other influences, such
as seepage.

The event illustrated in Fiqgure 10 is Tropical Storm Dennis. Although
6.8" of rainfall occurred, it consisted primarily of 2 days of off-and-on
heavy drizzle, with a maximum hourly rainfall of <0.9". As a result,
comparatively little runoff occurred and the maximum lake stage barely
exceeded the weir elevation.

Figure 12 represents the most intense 24 hour rainfall experienced at
Timbercreek since the instrumentation was installed. Intermittent
rainfall began on the morning of May 3, 1982. More intense rainfall
began at 0200 on May 4, and by 0730 the E-3 stage was above the
Timbercreek weir elevation. The E-3 stage did not recede below the weir
elevation until 0230 on May 5. During 2+ hours of this period, at the
time of the heaviest rainfall, the E~3 stage was higher than the
Timbercreek lake stage, creating considerable structure backflow. The
peak lake stage (13.08') and peak E-3 stage (12.74') are both the
maximums recorded during the program. Although the total rainfall
(7.22") is also a maximum thus far, the peak lake stage would be somewhat
Tower had the structure submergence not been so extreme.

Figure 12 also illustrates one of the annoying “gremlins™ which can
plague any project which depends on instrumentation. A1l 3 wells were
functioning normally at the onset of the storm; however, the stage
recorders on both wells along Potomac Road {East and West} malfunctioned
during the storm and did not record the peaks. No elevations above
12.50' and 12.29' were recorded at the east well and the west well,
respectively, while the actual elevations should be above 13.0'. The
problem is obvious from the flat plateaus on the stage hydrographs for
these 2 wells in Figure 11. When the stages dropped back below 12,50'
and 12.29', the stage recorders began operating correctly again. When
the problem was first discovered, it was assumed that it was a result of
incorrect wire lengths on the floats and/or weights. Field investigation
-28-



proved this not to be the case, however, and neither recorder could be
made to manually malfunction. Since this was the only event recorded
with groundwater elevations this high, the cause of the malfunction was
never identified.

The events depicted in Figures 11 and 13 are representative of the
response of the system to normal, moderately intense rainfall.

-29-



Fgol LSNVNY

-’llllll'l'lll
IJ‘.’J!I

\\\le.llll\llllml\l\/

el — HILYMmIIvL
m_v_<._ HILYMGYIH
15v3 — H3LYMGNNOHD
1S3M — HILVMANNOHD
AHVd — HILYMANNOYD

!./// _._.fffflnz —

QL 2 Wk

n_fll!l/n_

—001

089

8l

Qe
™

Ll

91

0
o

B
o

(QAODN L1d) 3ovis

(S3HONI) 1IVANIVH

FIGUR

-30-



2861 HOHVI

06

-3 — "H3alvmiivl

INVI — HILYMAVIH
18v3 — HALVYMANNOHD
1S3IM — HILYMANNOHD
AHHVd — HILYMANNOYD

o
(QADN 14) 35VLS

—0°¢l

S

6 2 W T

or'e

LEE

01

(S3HONI) T1IVANIVY

FIGURE 11

-31-



/ \/p |
L ————————— —001

,/;m .|;::1::||1;f/:;|:111| -0'iL
fl.&/glfm“lljllll.\.lllw I/l/ I/II\/
1 'l/
£-3 — HIIVMUYL L 3 —0'2lL
IV — UILYMAYIH H d 3/ .
1SV3 — YALYMANNOYD 3 /l
1S3M — HILVMAONNOHD M ,
%Yvd — HALVMOGNNIOYD d d
d
ol o
>
.4
n
>
1
1
—
WweeL 2
(@)
I
m
W
o

oL 6 1 B L 9 S

FIGUI

(QADN 14) 39V1S

-32-



€861 INNT

€-3 — H3LYMIIvL

MV — H3LYMAY3H
18V3 — HIALVYMANNOHD
LS3IM — HILYMONNOHD
HdVd — H3LYMANNOHD

L

H
3
M
d

1S

.90°C

o))

<
-

0
o

1
o
—

i
~—
-

(S3HONI) 1TViANIVY

(QADN 14) 3ovis

FIGURE 13

-33-



Y.

Water Quality Monitoring

The Timbercreek monitoring program was originally established solely to
investigate the hydrologic and hydraulic aspects of the system.
Automatic water samplers were not available and due to logistics
problems, conducting a manual sampling program in any detail was deemed
not to be feasible.

In fiscal year 81-82 automatic samplers were purchased. Shelters were
constructed and the samplers were installed in late July 1982.
Installation of the samplers coincided with an abrupt end to the frequent
rainfall events being experienced at the time, and it was not until
October that the first storm event samples were collected.

The primary objective of the water quality monitoring program is to
estimate the pollutant removal effectiveness of the stormwater detention
system. One automatic sampler was installed at the sole discharge point
from the system, and another at one of the lake inflow points. Since
there are 6 other inflow points to the lake system, inflow loading
determination will be less exact than outflow loadings. Both samplers
are equipped with mechanisms to start the sampling cycle when the lake
stage reaches a predetermined level.

Samples were collected during a number of storm events and numerous

analyses were performed. A detailed discussion of the water quality
sampling program is included in Volume II of this report.
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1.

Conclusions

Using a maximum depth-to-water table of more than 4' with the SCS
runoff methodology is acceptable in some instances. Documentation
of such must be made on a case-by-case basis. In addition, until
data is available from other sites, the use of depth-to-water table
in excess of 4' should be confined to areas with soil types similar
to Timbercreek. These are primarily fine graded sands.

The District normally establishes house pad elevations based on the
100-year no discharge condition. The May 3-4, 1982 storm event
(7.22" in 19 hours) created structure backflow over the discharge
structure, even though it was far short of even the 10-year (11") or
the 25-year (14") events. This supports the no-discharge standard
for establishing pad elevations.

Groundwater~surface water interactions at Timbercreek require
additional analysis. This will be covered at a later date.

Although intended for use with longer duration events, the SCS

runoff methodology, modified as described herein, can be used to
approximate shorter duration, real-world events. '
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APPENDIX A
Storm Event Data

Orifice, free-flow or submerged

Q = 0.6A -V 2gHO

Weir, free-flow

Q =3.33 (L - .2H1) H 1
Weir, submerged

_ H, n40.305
Q = Q[l-(ﬁg) ]

1
Culvert
29 H
Q=A 1+K, + 29.2 n’L
R4/3
Q - Flow, cfs

A - Area, ft2

Acceleration due to gravity, 32.2 ft/sec?

ju o [f=]
(=]
] ]

Head on orifice, ft. If orifice is submerged, Ho is headwater-
tailwater difference

L - Length, ft.

H1 - Headwater height above weir, ft.

Hp - Tailwater height above weir, ft.

He - Headwater-tailwater difference, ft.

Ke - Entrance loss coefficient, dimensionless
n - Mannings coefficient, dimensionless

R - Hydraulic fadius, ft. (area/wetted perimeter)
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Fvent A - Notes:

Inflow (CFS and A-F) is surface runoff inflow and/or structure backflow
only. Direct rainfall on lakes and seepage are not included.

Accumulated inflow (in, A-F) consists of all inflows, including direct
rainfall on lakes and seepage.

Accumulated rainfall (RF, A-F} is rainfall on lakes only.

Inflow (CFS and A-F) and outflow (A-F) values are averages for each time
period. Outflow (CFS) values are instantaneous values for the specified
times.

A discharge code of '*' indicates tailwater stage not available. Free
discharge is assumed with no culvert control.

Qutflow codes (C):

a. Orifice, free-flow

b. Orifice, submerged

c. Weir, free-flow and orifice, submerged
d. Weir, submerged and orifice, submerged
e. Weir, free-flow and orifice, free-flow
f. Culvert control

g. Reverse flow thru structure

h. No discharge
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Event B - Notes:

1.

Inflow (CFS and A-F) is surface runoff inflow and/or structure backflow
only. Direct rainfall on lakes and seepage are not included.

Accumulated inflow (in, A-F) consists of all inflows, including direct
rainfall on lakes and seepage.

Accumulated rainfall (RF, A-F) is rainfall on lakes only.

Inflow (CFS and A-F) and outflow (A-F) values are averages for each time
period. Outflow (CFS) values are instantaneous values for the specified
times.

A discharge code of '*' indicates tailwater stage not available. Free
discharge is assumed with no culvert control.

Outflow codes (C):

a. Orifice, free-flow

b. Orifice, submerged

c. Weir, free-flow and orifice, submerged
d. Weir, submerged and orifice, submerged
e. Weir, free-flow and orifice, free-flow
f. Culvert control

g. Reverse flow thru structure

h. No discharge
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Event C - Notes:

1.

Inflow (CFS and A-F) is surface runoff inflow and/or structure backflow
only. Direct rainfall on lakes and seepage are not included.

Accumulated inflow (in, A-F) consists of all inflows, including direct
rainfall on lakes and seepage.

Accumulated rainfall (RF, A-F) is rainfall on lakes only.

Inflow (CFS and A-F) and outflow (A-F)} values are averages for each time
period. Outflow (CFS) values are instantaneous values for the specified
times.

A discharge code of '*' jndicates tailwater stage not available. Free
discharge is assumed with no culvert control.

Qutflow codes (C):

a. Orifice, free-fiow

b. Orifice, submerged

¢c. Weir, free-flow and orifice, submerged
d. Weir, submerged and orifice, submerged
Weir, free-flow and orifice, free-flow
Culvert control

Reverse flow thru structure

No discharge
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Event D - Notes:

Inflow (CFS and A-F)} is surface runoff inflow and/or structure backflow
only. Direct rainfall on lakes and seepage are not included.

Accumulated inflow (in, A-F) consists of all inflows, including direct
rainfall on lakes and seepage.

Accumulated rainfall (RF, A-F) is rainfall on lakes only.

Inflow (CFS and A-F) and outflow (A-F) values are averages for each time
period. Outflow (CFS) values are instantaneous values for the specified
times.

A discharge code of '*' indicates tailwater stage not available. Free
discharge is assumed with no culvert control.

OQutflow codes (C):

a. Orifice, free-flow

b. Orifice, submerged

c. Weir, free-flow and orifice, submerged
d. Weir, submerged and orifice, submerged
e. Weir, free-flow and orifice, free-flow
f. Culvert control

g. Reverse flow thru structure

h. No discharge
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Fvent E - Notes:

Inflow (CFS and A-F) is surface runoff inflow and/or structure backflow
only. Direct rainfall on lakes and seepage are not included.

Accumulated inflow (in, A-F) consists of all inflows, including direct
rainfall on lakes and seepage.

Accumulated rainfall (RF, A-F) is rainfall on lakes only.

Inflow (CFS and A-F) and outflow (A-F) values are averages for each time
period. OQutflow (CFS) values are instantaneous values for the specified
times.

A discharge code of '*' indicates tailwater stage not available. Free
discharge is assumed with no culvert control.

Outflow codes (C):

a. Orifice, free-flow

b. Orifice, submerged

c. MWeir, free-flow and orifice, submerged
d. Weir, submerged and orifice, submerged
e. Weir, free-flow and orifice, free-flow
f. Culvert control

g. Reverse flow thru structure

h. No discharge
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Event F - Notes:

Inflow (CFS and A-F) is surface runoff inflow and/or structure backflow
only. Direct rainfall on lakes and seepage are not included.

Accumulated inflow (in, A-F) consists of all inflows, including direct
rainfall on lakes and seepage.

Accumulated rainfall (RF, A-F) is rainfall on lakes only.

Inflow {CFS and A-F) and outflow (A-F) values are averages for each time
period. OQutflow (CFS) values are instantaneous values for the specified
times. '

A discharge code of '*' indicates tailwater stage not available. Free
discharge is assumed with no culvert control.

Outflow codes (C):

a. Orifice, free-flow

b. Orifice, submerged

c. Weir, free-flow and orifice, submerged
d. Weir, submerged and orifice, submerged
Weir, free-flow and orifice, free-flow
Culvert control

Reverse flow thru structure

No discharge

= ~h
L] . - -
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_EL_

TIABEACREEK IN BOCA RATON, FL.

OCTBAER 10, 1981

BACKFLOW PERIODS IS

«004 ACRE-FEET/HOUR

STASE INFLOW OUTFLON ACCURULATED WELL STASES
. PSS ENSRaN ARNSARESOBUN TaSUssEATHSIEEER ll.’I.I.Ill‘lIlllllll'll'l!lllll!l" SEEVENE SRS AN STANUERESE S
TIRE RFCING) HM ™ CFS A~F CPFs IC2 A=F  RFEXNM.) RELA=F)  IR(A~F) OQUTCA=F) EAST  WEST  PARK  aAvE,
0000 ==== 10.34 1C.24 «0 . «000 «2 [A) +000 +00 «000 «000 «000 10,57 10461 10.49 108.386
0030 == 10.34 ]0.24 o0 « 000 «Z [A) «0Q07 «00 +000 -« 007 «007
0100 ——= 10.54 10.24 0 000 «2 [A) «007 +00 «000 «014 o014 10.37 10.481 10,49 10.54
013¢ ~—==— 10.34 10.2¢ «& « 000 «2 [A) «007 «00 «000 «021 «021
0200 <==== 10,34 10.23 0 +000 o1 EAl « 006 «00 +080 «027 «027 1057 10.81 10.49 10.%6
Q230 ==== 10.34 10.23 o0 +000 «1 [A) +003 «00 «000 « 032 032
0300 hates pd 10. 94 10.23 »0 +000 od [A) «00% +00 «000 «036 lﬂbﬂ ﬁﬂt“d HO.DH nﬂtaa ﬂOcub
0330 w==== 10,34 10.23 «0 +«000 o) EA) +003 +09 «000 »041 «041 -
0400 ==~= 10.3¢ 10.23 -0 «000 1 (A} «005 «00 +000 046 «040 10.5¢ 10.61 10,50 10.%6
0430 ~-=== 10.34 10.23 « «000 «1 [A) «005 «00 « 000 051 031
05300 =--—— 10.34 10.23 0 «000 «1 [A) +003 +00 =000 »036 «056 10.357 16.60 10,50 10.56
0230 === 10.34 10,23 «0 «000 o1 [A) «005 «20 «000 061 061
0600 ==e== 10,34, 10.22 0 «000 +1 LAl «003 «00 «080 o066 «08é 10.58 10,59 10.49 10,55
0630 ==== 10.,34 10.21 «0 +000 +1 LA) « 005 «00 +08¢C «071 «071
0106 ==== 10,34 10.21 «0 «000 «1 [A) +003 =00 «000 «07h «07¢ 1036 10,59 10.49 10.93
0736 ==== 10,34 10.21 «0 « 800 +1 L4} «00% «00 800 «081 «081
0800 ==== 10,34 10.21 «0 «G00 o1 LAl «003 «00 +000 083 +0083 10435 10,59 10.49 10.54
0830 wwe== 10,34 ]10.21 «0 +000 «1 LA) « 009 +00 +000 «09%0 «0%0
0900 ewe= 10,34 10.21 «0 +000 «1 [A) «003 «00 +000 «095 095 10.9% 10.99 10.49 10,34
0930 wo== 10.34 10.21 «0 000 ol [A] 005 +00 +000 «100 «100
1000 ==== 10.34 10.21 «0 +000 «1 CA) 005 +00 +000 «105 «103 1053 10.59 10,49 10.54
1030 =~=== 10.34 10,22 «0 «Q000 ' a1 [A) «003 +00 =000 «110 «110
1100 === 10.33 10.2) -0 +000 el [A] «005 «00 000 «034 +114 1055 10.59 10.49 10,54
1130 e==== j0.34 10.2) «0 +000 el (A} «005 «00 «000 +119 119
1200 --=--= 10.34 10.21 «0 +000 o) LA) «005 «00 +000 124 «124 1036 10459 10.49 10.5%3
1230 === 10.33 10,22 o0 «000 »1 [4) «005 +00 «+000 « 048 =128
1300 === 10.33 10.21 0 «000 ol LA} «004 «00 «000 +052 =133 10.56¢ 10.39 10.50 10,35
1330 ===« 10.34 10.22 0 «000 ol L[A) »005 =00 «+000 +137 - «137
1400 ==== 10,34 10.21 «0 «000 s1 LA) « 005 «00 +080 142 «342 10.57 10.60 1G¢.% 10.58
1430 w=e== 10,33 10.21 ] «+000 o1 L[A) +00% «00 « 000 « 008 2147
1500 ==== 10,34 10.21 «0 000 «1 L[A) +005 +00 000 151 «151 1037 10.60 10.51 10.%6
1530 ==== 10,33 10.21 0 «800 «3 [Ad +003 «00 + 000 073 +156
1600 === 10.33 10.21 o0 «000 «1 [4) o004 +00 «000 Q78 »160 1057 10.60 10.51 10C.%
1630 === 10.33 10.22 «0 +000 «1 [A] «004 «00 - +000 #0083 «164
1700 W20 10.37 10.24 4.7 +195 «2 L[A) «007 «20 «135 +413 «171 10.57 10.¢1 10.49 10,58
1730 1.21 10.44 10.3} 33.7 L2094 «8 [8) o022 .41 964 2.636 193
1800 +20 10.46% 10.28 T8 =309 «9 [8) 034 1.6l 1l.101 3.082 «227 10467 10.72 10,37 10.85
1830 === 10,69 10.27 ¥ 2034 +% [B) «038 1l.61 1.101 3.118 «263
1900 ~=== 10.69% 10,29 o0 +000 «9 [B) »036 l.61 1.101 3.154 «299 10.76 10.80 10,463 10.74
1930 1.60 11.01 10,49 38.4 i.5085 l.1 LB} 042 3,21 2.222 5.060 «341
2000 29 11.07 10465 8.4 346 1.0 [B] «04% 3,50 26426 6410 +386 11.03 11.00 10.98% 10.96
2030 === 11,07 10.86 1.0 o042 1.0 (8] o042 3.50 2o 4206 b.432 428
2100 ~=== 11,06 10.63 «0 «000 1.0 (B8] 042 3.50 2e420 6.410 4710 1l.14 11.10 11.02 11.09
2130 ==== 1l.08 10.44 0 +000 1.0 (8] «042 3.50 2+4206 6.432 «312 i
2200 ===~ 11.05 10.65 «0 =000 1.0 L8] 042 2.50 2+428 60410 » 554 11.18 11.15 11,13 11.15.
2230 ==== 11,04 10.83 ) «000 1.0 (8] «04] 350 24428 60307 «596 -
2300 ==== 11.04 10.b5 «0 000 1.0 [B] 041  3.50 2426 b6.408 037 11,20 11.18 11,20 11,19
2330 =m== 11.03 10.65 «0 «000 1.0 (R} «041 3.50 24428 6.363 077 ————
EATIMATED AVERAGE SEEPAGE DURING NON=INFLOW AND MINOGR
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Event 6 - Notes:

1.

Inflow (CFS and A-F) is surface runoff inflow and/or structure backflow
only. Direct rainfall on lakes and seepage are not included.

Accumulated inflow (in, A-F) consists of all inflows, including direct
rainfall on lakes and seepage.

Accumulated rainfall (RF, A-F) is rainfall on lakes only.

Inflow (CFS and A-F) and outflow (A-F) values are averages for each time
period. Outflow (CFS) values are instantaneous values for the specified
times. '

A discharge code of '*' indicates tailwater stage not available. Free
discharge is assumed with no culvert control.

Outfiow codes (C):

a. Orifice, free-flow
b. Orifice, submerged

c. Weir, free-flow and orifice, submerged
d. Weir, submerged and orifice, submerged
e. Weir, free-flow and orifice, free-flow
f. Culvert controil

g. Reverse flow thru structure

h. No discharge
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Event H - Notes:

Inflow (CFS and A-F) is surface runoff inflow and/or structure backflow
only. Direct rainfall on lakes and seepage are not included.

Accumulated inflow (in, A-F) consists of all inflows, including direct
rainfall on lakes and seepage.

Accumulated rainfall (RF, A-F) is rainfall on lakes only.

Inflow (CFS and A-F) and outflow (AFF) values are averages for each time
period. Outflow (CFS) values are instantaneous values for the specified
times.

A discharge code of '*' indicates tailwater stage not available. Free

_ discharge is assumed with no culvert control.

Outflow codes (C):

a. Orifice, free-flow

b. Orifice, submerged

C. MWeir, free-flow and orifice, submerged
d. Weir, submerged and orifice, submerged
e. Weir, free-flow and orifice, free-flow
f. Culvert control

g. Reverse flow thru structure

h. No discharge
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Events I and J ~ Notes:

1.

2.

Inflow (CFS and A-F) is surface runoff inflow and/or structure backflow
only. Direct rainfall on lakes and seepage are not included.

Accumulated inflow (in, A-F) consists of all inflows, including direct
rainfall on lakes and seepage.

Accumulated rainfall (RF, A-F) is rainfall on lakes only.

Inflow (CFS and A-F) and outflow (A-F) values are averages for each time
period. Outflow (CFS) values are instantaneous values for the specified
times.

A discharge code of '*' indicates tailwater stage not available. Free
discharge is assumed with no culvert control.

Outflow codes (C):

Orifice, free-flow

Orifice, submerged

Weir, free-flow and orifice, submerged
Weir, submerged and orifice, submerged
Weir, free~-flow and orifice, free-flow
Culvert control

Reverse flow thru structure

No discharge

U h OO T
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Event K - Notes: -

Inflow {CFS and A-F) is surface runoff inflow and/or structure backflow
only. Direct rainfall on lakes and seepage are not included.

Accumulated inflow {in A-F) consists of all inflows, including direct
rainfall on lakes and seepage.

Accumulated rainfall (RF A-F) is rainfall on lakes only.

Inflow (CFS and A-F) and outflow (A-F) values are averages for each time
period. Outflow (CFS) values are instantaneous values for the specified
times.

A discharge code of '*' indicates tailwater stage not available. Free
discharge is assumed with no culvert control.

OQutflow codes {C):

a. Orifice, free-flow

b. Orifice, submerged

c. Weir, free-flow and orifice, submerged
d. Weir, submerged and orifice, submerged
e. Weir, free-flow and orifice, free-flow
f. Culvert control

g. Reverse flow thru structure

h. No discharge
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Event L - Notes: -

1.

Inflow (CFS and A-F) is surface runoff inflow and/or structure backflow
only. Direct rainfall on lTakes and seepage are not included.

Accumulated inflow (in, A-F) consists of all inflows, including direct
rainfall on lakes and seepage.

Accumulated rainfall (RF, A-F) is rainfall on lakes only.

Inflow (CFS and A-F) and outflow {(A-F) values are averages for each time
period. Outflow (CFS) values are instantaneous values for the specified
times.

A discharge code of '*' indicates tailwater stage not available. Free
discharge is assumed with no culvert control.

Outflow codes (C):

a. Orifice, free-flow

b. Orifice, submerged

c. MWeir, free-flow and orifice, submerged
d. Weir, submerged and orifice, submerged
e, Weir, free-flow and orifice, free-flow
f. Culvert control

g. Reverse flow thru structure

h. No discharge
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Event M - Notes: )

1.

Inflow (CFS and A-F) is surface runoff inflow and/or structure backflow
only. Direct rainfall on lakes and seepage are not included,

Accumulated inflow {in, A-F) consists of all inflows, including direct
rainfall on lakes and seepage.

Accumulated rainfall (RF, A-F) is rainfall on lakes only.

Inflow (CFS and A-F) and outflow (A-F) values are averages for each time
period. Outflow (CFS) values are instantaneous values for the specified
times.

A discharge code of '*' indicates tailwater stage not available. Free

_ discharge is assumed with no culvert control.

Outflow codes (C):

a. Orifice, free-flow

b. Orifice, submerged

c. Weir, free-flow and orifice, submerged
d. Weir, submerged and orifice, submerged
e, Weir, free-flow and orifice, free-flow
f. Culvert controil

g. Reverse flow thru structure

h. No discharge
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